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Objectives: This research investigates forgetting rates of patients with Temporal Lobe Epilepsy (TLE) at brief and longer intervals. Methods: The sample is formed by 5 patients with TLE and 10 healthy individuals. One of the patients received the diagnosis of Transient Epileptic Amnesia (TEA). All patients underwent a standardized clinical protocol for diagnosis including a comprehensive neuropsychological assessment. In addition, two experimental tasks were used to assess the forgetting rates at 4 intervals (30 seconds, 10 minutes, 1 day and 1 week): a story task to evaluate verbal cued recall and a route task to assess visuo-spatial cued recall. Results: There were no significant differences between groups in forgetting rates. Conclusions: These findings suggest that forgetting patterns in patients with TLE may be heterogeneous and the presence of accelerated long-term forgetting is not universal. 




Temporal Lobe Epilepsy (TLE) has been associated with memory impairment [1]. In particular, some investigations have found that patients with TLE retain learned information at brief intervals (minutes) normally, but then they lose it after longer periods of time (days and weeks). This forgetting pattern, which encompasses verbal and visuo-spatial memory, has been called Accelerated Long-Term Forgetting (ALF) [2,3]. It has been argued that this phenomenon is a common manifestation of patients with Transient Epileptic Amnesia (TEA), an epileptic subsyndrome of TLE characterized by brief amnesic episodes often occurring at awakening [4,5]. 
We aimed to assess forgetting rates of patients with TLE at different intervals (30 seconds, 10 minutes, 1 day and 1 week) compared with healthy controls, using cued recall task (verbal and visuo-spatial) to avoid floor and ceiling effects. Moreover, we tested whether TEA shows a different forgetting pattern compared with TLE and healthy controls. Potentially, this could clarify different neurocognitive mechanisms of forgetting at both shorter and longer intervals.
2. Material & Methods
2.1. Participants
The sample was composed of 5 patients with TLE (mean age = 24.40; 2 men and 3 women). One of these patients, a 27 year old woman, satisfied the criteria for a diagnosis of TEA. She also complained of forgetting the location of objects, the content of conversations, and about recent events that had occurred during the last week. She did not describe subjectively normal retention over short intervals (minutes or one hour) with loss of information over longer intervals at any moment. Therefore, her complaint was not suggestive of ALF. 
Of the remaining four patients with TLE, only one showed memory complaints. Patients were volunteers recruited from the Epilepsy Unit at the Neurology Service of the University Hospital “12 de Octubre” (Madrid). All participants signed a written informed consent and the research protocol was approved by the corresponding bioethics committee.
All patients were diagnosed by expert neurologists following a standardized protocol based on medical history, video-electroencephalogram and neuroimaging (an epilepsy protocol-specific brain 1.5T MRI). TLE patients displayed non-lesional epilepsy, well controlled with pharmacological therapy, and the patient with TEA met diagnostic criteria proposed by Zeman et al. (1998). The estimated mean frequency of habitual seizures per year during the year preceding recruitment was 4.2 seizure/year. All patients were on antiepileptic drug (AED) treatment in the year prior to the study. The AED intake had been at a stable dose for at least 1 month preceding the study: 2 patients were taking 1 AED and 3 patients 2 AEDs. Patients with cranial injury, other neurological diseases, substance abuse, and psychiatric disorders were excluded from the research. A group of 10 healthy volunteers (mean age= 22; 4 men and 6 women) matched on sociodemographic characteristics with the patients group was selected as control group.
2.2. Measures
All participants underwent a full battery of standardized neuropsychological tests, assessing general cognitive ability (WAIS-III; vocabulary, similarities, block design, matrix reasoning subtests; Wechsler, 1997); executive functions (Brixton & Hayling tests; Burgess & Shallice, 1996), memory (logical memory and visual reproduction; Wechsler Memory Scale-III; Wechsler, 1997) and language (Boston Naming Test-short version; Kaplan, Goodglass, & Weintraub, 1983). After this assessment, a 10 minutes break interspersed to prevent information overload and fatigue. Two experimental tasks were then administered to assess long-term memory: Spanish versions of a story task for verbal cued recall and a route task for visuo-spatial cued recall [6] (See Cassel, Morris, Koutroumanidis, Kopelman, 2016 for details). 
2.3. Statistical analyses 
All statistical analyses were carried out using SPSS version 23. Means, medians and standard deviations were calculated for sociodemographic scores. Because of the absence of a normal distribution of forgetting scores, non-parametric tests were used (Kruskal-Wallis and Mann-Whitney U tests) to check for significant differences between groups. Mean change scores (MCS) were calculated for the estimation of group forgetting rates. These scores were obtained from the difference between the first interval score (30 seconds) and the remaining ones (10 minutes, 1 day and 1 week). To reduce as much as possible a type II error (false negative), differences in forgetting rates between intervals were confirmed by using t-test approach. Significance levels were set at p < .05.
3. Results
3.1. TLE and Controls
The groups did not significantly differ in neuropsychological scores, except for Brixton test and immediate free recall of Wechsler designs. However, scores in these tests were within the normal range. Table 1 shows sociodemographic characteristics and neuropsychological scores (standard and experimental tasks) of the groups.
[INSERT TABLE 1]
Raw scores from both groups (TLE and control group) were matched at 30 seconds interval in both experimental tasks (stories and routes). No differences were found between groups in MCS at 10 minutes (U= 13.500, p= .15), 1 day (U= 21.500, p= .66) and 1 week (U= 23.500, p= .85). Likewise, no significant differences emerged comparing both groups in routes at 10 minutes (U= 14.500, p= .196), 1 day (U= 11.500, p= .086) and 1 week (U= 14.000, p= .206). Statistical differences remained as not significant when t-test were used. 
3.2. Forgetting rates in TEA, TLE and Controls
Significant differences in forgetting rates were not found when comparing the TEA patient, TLE group and healthy controls separately (p>.05) (Figure 1). 
[INSERT FIGURE 1]
4. Discussion
In this research, patients with TLE did not show a differential forgetting pattern of verbal and visuo-spatial information using cued recall tasks. Although several studies have shown ALF in patients with TLE [3,7], the group findings may disguise individual variability. 
For instance, in our study, the TEA patient did not show objective evidence of ALF, which is considered a common feature of this syndrome. In this context, particular clinical features (i.e., frequent seizures, age of onset, medication) could be important factors when accounting for the presence of ALF [8,9]. In this study, seizures were well controlled in all the patients, but ALF may emerge in patients whose seizures had been successfully treated and their frequency is low [4]. In addition, mean age and duration of the illness were lower compared to other investigations in which ALF was found [6,9]. Currently, the cause of ALF in TLE patients remains controversial and different explanatory factors could account for this phenomenon. 
Some limitations should be mentioned. It is important to consider that the reduced sample size limits the statistical power. However, case series are important to avoid over-generalisation of findings from group studies. Moreover, only one case was classified as having TEA during three years of data collection. 
In conclusion, the emergence of accelerated forgetting (i.e. ALF) in TLE is not universal and may depend on specific clinical features. Thus, it is important to determine specific characteristics associated with the emergence of ALF in TLE for both clinical and research purposes.
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Table 1. Characteristics of the sample and neuropsychological scores. 
Test	TLE (n=5)	Control (n=10)	KW/χ2 	p
AgeGender (F:M)Education (years)	24.40±4.093:218±3.74	22±2.306:4 18±1.76	1.16.035	.280.852
Intelligence (WAIS-III)SimilaritiesVocabularyBlock designMatrix reasoning	26.40±3.7851±8.3951±7.8123±2	28.80±1.5454.70±3.5949.10±10.9221.90±3.03	.91.460.034.651	.340.497.854.420
Memory (WMS-III)Word listFree recall- I Free recall-II RecognitionDesignsFree recall-I Free recall-II Recognition	39.40±4.939.60±1.8123.60±0.5491±5.2484±5.2446.20±1.09	38.50±3.4711.10±0.7322.90±2.1898.20±2.6188.30±15.1246.90±2.13	.3082.35.0788.031.822.99	.579.125.780.005*.177.083
Language (BNT)	27.40±0.54	28.10±1.37	1.43	.231
Executive FunctionHayling testBrixton test (mistakes)	18.20±1.6412.20±4.60	17.80±2.047.10±4.30	.1014.93	.751.026*
Autobiographic Memory (AMI) ChildhoodEarly adulthoodRecent eventsTotal	19.30±1.7120.30±1.3020.80±0.2760.40±2,90	19.05±1.7720.25±1.3719.95±1.0159.25±3.49	.034.1112.041.09	.853.738.153.296
QuestionnairesAnxiety (BAI)Depression (BDI)   Memory Failure	5.60±3.647.40±8.2343±17.47	7.20±4.8710.20±9.0447.60±7.02	.187.0952.16	.666.758.141
Stories MCS¥  30 sec-10 min  30 sec-1 day  30 sec-1 week	1.60±3.36 (2)2.20±3.56 (1)9.40±3.20 (9)	-1,40±3.62 (-2)2,40±3.80 (3)9±6.44 (12)	2.00.188.034	..157.664.854
Routes MCS¥  30 sec-10 min  30 sec-1 day  30 sec- 1 week	2.20±1.48 (2)7.40±3.57 (8)9.80±4.26 (9)	0.30±2.58 (0.5)3.70±3.36 (2)6.90±3.72 (6)	1.722.931.83	.190.086.175









Figure 1. Retention percentage of the groups in stories and routes. 
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